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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
UNDER THE PATENT COOPERATION TREATY BEFORE THE 
UNITED STATES DESIGNATED /ELECTED OFFICES 

In regard to international application: 

Serial No. PCT/FIOO/00768 

Applicants: Ilkka Eskelinen et al . 

Filing Date: September 12, 2000 

Title: DOCTOR UNIT IN A PAPER MACHINE 

Attorney Docket No. 11001.090 

To: Assistant Commissioner for Patents 

Washington, D.C. 20231 

I hereby certify that this correspondence is being deposited with the United States 
Postal Service as express mail, no. ET122850466US in an envelope addressed to: 
Assistant Commissioner for Patents, Washington, D.C. 20231 on ^ 

March 6, 2002 Christopher J. Fildes C- A^^V 

Date of Deposit Registered Attorney ^i^hature 

PRELIMINARY -AMENDMENT 

Sir: 

In connection with entry into the National Phase in the 
United States of the above referenced application, please amend the 
application as follows: 



In the Specification; 

P. 1, line 2, insert the heading 
-- Technical Field --; 

P. 1, line 7, insert the heading 
Background of the Invention 

P, 2, line 14, insert the heading 
Summary of the Invention --; 
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Replace the paragraph beginning on P . 2, line 15, with the 
following paragraphs 

-- The invention is intended to create a doctor unit in a 
paper machine, which can be used to monitor the wear and blade load 
of the. doctor blade and the general condition of the other 
structures, also while the paper machine is running. The apparatus 
of the doctor unit can also be used during servicing or when making 
basic adjustments, when the paper machine is stopped. The settings 
of the doctor unit can then be made more easily and correctly than 
by previous methods . 

A doctor unit in a paper machine includes a blade carrier 
having a blade holder, and a doctor blade fittable on the blade 
holder for doctoring a roll or similar moving surface, the doctor 
unit is characterized in that either the blade holder or doctor 
blade includes at least one sensor installed inside the 
construction or on its surface, and the sensor is arranged to 
measure either or both of the wear and stress in the blade holder 
or doctor blade . 

In one embodiment at least one optical fiber is adapted as a 
sensor and installed inside the blade holder or doctor blade. The 
doctor unit may include light transmitting devices, at one end of 
the doctor unit, connected to the optical fibers, and light 
receiving devices at the other end. In another arrangement the 
blade holder may include a top plate, in which there are one or 
more optical fibers arranged in essentially the transverse 
direction of the doctor unit and extending from one end of the top 
plate to the other. 

Preferably optical fibers installed inside the doctor blade 
and extending over the entire length of the doctor blade are 
arranged essentially transversely to the doctor unit 0.5 - 10 mm 
from each other. There may also be 1 - 15 optical fibers of the 
blade holder or the doctor blade. Each optical fiber includes 
filaments acting as sensory organs and the optical fiber is 
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connected to an electrical crystal, which is arranged to send a 
signal when the resistance in the optical fiber changes. 

In an alternative embodiment the surface of the blade holder 
or doctor blade includes at least one of a pressure-sensitive 
sensor and/or stress -strain sensor arranged to measure the blade 
load. Herein sensors are arranged essentially over the entire 
width of the doctor unit in the area of contact between the top 
plate belonging to the blade holder and the doctor blade. 

The pressure -sensitive sensor may be one of a PVDF membrane 
sensor and an EMF sensor operating on the piezoelectric principle. 
1-10 PVDF sensors may be fitted over the width of the doctor unit 
per meter of width of the doctor unit . 

The duration of sensor measurement in connection with the 
blade holder or the doctor blade is configurable between momentary 
and continuous duration when the sensor is connected to a selected 
monitoring system. 

At suitable locations in the doctor unit sensors are arranged, 
which are, as such, simple, but which, however, provide accurate 
information on the condition of the doctor unit even when running. 
The sensors do not affect the operation of the doctor unit and are 
easy to calibrate. The sensors and their locations are selected 
according to the variable to be measured. If desired, all the 
various sensors can be placed in a single doctor unit, in which 
case information on both the wear of the doctor blade and on the 
blade load will be obtained. At the same time, it is possible to 
monitor the general condition of the structures of the doctor unit. 
On the other hand, by selecting a certain type of sensor, it is 
possible to concentrate on monitoring a single important variable. 
Existing doctor units can also be easily utilized when creating a 
doctor unit according to the invention. -- 
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Replace the paragraph beginning on P. 3, line 4, with the 
following paragraph 

-- In the following, the invention is disclosed in detail by 
reference to the accompanying drawings showing some embodiments of 
the invention. 

P. 3, line 7, insert the heading 
-- Brief Description of the Drawings 

P. 3, line 27, insert the heading 
Detailed Description of the Invention --; 

Replace the paragraph beginning on P. 7, line 22, with the 
following paragraph 

--In addition to the construction shown in Figure 1, the wear 
of the doctor blade can be monitored by using another kind of 
sensor [s] installed in the doctor unit. In the embodiment in Figure 
2, inductive sensors 18 are installed in both the blade holder 11 
and the blade carrier 10. Other kinds of sensors, which measure 
distance, movement, or angle of rotation, can also be used. The 
sensors 18 are calibrated for a certain distance. The brushes 19 
shown by broken lines depict the direction of observation of the 
sensors 18, for example, when the sensors are in the rear of the 
blade holder. As doctor blade 12 continues to wear, the distance 
between blade holder 11 and blade carrier 10 continually increases. 
When the distance exceeds a set limit, the sensor emits a signal. 
Thus, sensors 18 act as a kind of limit switch, which report that 
the doctor blade will soon be worn out. This facilitates the 
planning of maintenance shutdowns and prevents the damage caused by 
the sudden wearing out of the doctor blade. To measure local 
differences and avoid erroneous messages, several sensors are 
installed in the doctor unit. As the doctor blade typically wears 
mostly in the middle, it is preferable to install the sensors in 
the center of the doctor unit. The sensors may also be on the front 
side of the blade holder, though the installation of the sensors is 
easier in the manner shown in Figure 2 . The measurement method 
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disclosed above is applied mainly only in hose- loaded jointed blade 
holders. 

Replace the paragraph beginning on P. 9, line 21, with the 
following paragraph 

Figure 4a shows the embodiment of Figure 1 seen from above. 
The only part of the doctor unit shown is the doctor blade 12, 
which as usual has worn mostly in the center. During manufacture, 
optical fibers 16, shown with broken lines, have been installed in 
doctor blade 12 . According to the invention, the doctor unit 
includes light - sending devices 20 at one end of the doctor unit and 
light-receiving devices 20' at the other end. These devices are 
known and in this case they are in principle attached directly to 
doctor blade 12. A corresponding construction can also be applied 
to monitor the condition of the top plate. The figures do not show 
the rest of the condition-monitoring equipment, as this varies 
greatly with different applications. However, what is essential is 
that during operation all the sensors provide explicit information, 
which can be easily utilized with the aid of existing electronic 
apparatus . - - 

Replace the paragraph beginning on P. 10, line 17, with the 
following paragraph 

-- Figure 4b shows doctor blade 12 and a pressure-sensitive 
sensor 21 installed on its surface. According to the invention, the 
pressure-sensitive sensor is a PVDF membrane sensor that is known. 
The utilization of such a membrane sensor is also disclosed in 
Finnish patent 86771. Such a sensor will provide an analog voltage 
signal proportional to the force and thus also the pressure, which 
can easily be utilized. The sensors are also easy to calibrate. In 
addition, the sensors are applicable to a very wide range of 
forces. The sensors may be separate membrane sensors or assembled 
to form a single long membrane element, as in Figure 4b. This 
facilitates the cabling of the sensors. Figures 4b and 4c show only 
the cabling 22 of a single membrane sensor 21. An EMF sensor 
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operating on the piezoelectric principle, for example, can also be 
used as a pressure-sensitive sensor. -- 

Replace the paragraph beginning on P. 11, line 13, with the 
following paragraph 

-- Generally, 1-10, preferably 2-6 PVDF membrane sensors 
are fitted to each meter of width of the doctor unit. This allows 
the actual blade load of the doctor blade to be determined in 
zones. An increase in the number of sensors will naturally give a 
more precise descriptor of the transverse loading profile, but it 
will also increase the cabling. -- 

P. 12, line 4, insert the paragraph 
-- Although the invention has been described by reference to 
specific embodiments, it should be understood that numerous changes 
may be made within the spirit and scope of the inventive concepts 
described. Accordingly, it is intended that the invention not be 
limited to the described embodiments, but that it have the full 
scope defined by the language of the following claims. --; 



In the Claims ; 

Cancel claims 1-12 and add claims 13-24 as follows: 

13. A doctor unit in a paper machine includes a blade carrier 
having a blade holder, and a doctor blade fittable on the blade 
holder for doctoring a roll or similar moving surface, the doctor 
unit is characterized in that one of the blade holder and doctor 
blade include at least one sensor installed inside the construction 
or on its surface, and said sensor is arranged to measure one of 
the wear and stress in the said one of the blade holder and doctor 
blade . 
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14. A doctor unit according to Claim 13, characterized in that 
at least one optical fiber is adapted as a sensor and installed 
inside the said one of the blade holder and doctor blade. 

15. A doctor unit according to Claim 13, characterized in that 
on the surface of the said one of the blade holder and doctor blade 
there is included at least one of a pressure- sensitive sensor and 
stress- strain sensor arranged to measure the blade load. 

16. A doctor unit according to Claim 14, characterized in that 
the doctor unit includes light transmitting devices, at one end of 
the doctor unit, connected to the optical fibers, and light 
receiving devices at the other end. 

17. A doctor unit according to Claim 14, characterized in that 
the blade holder includes a top plate, in which there are one or 
more optical fibers arranged in essentially the transverse 
direction of the doctor unit and extending from one end of the top 
plate to the other. 

18. A doctor unit according to Claim 14, characterized in that 
the optical fibers installed inside the doctor blade and extending 
over the entire length of the doctor blade are arranged essentially 
transversely to the doctor unit 0.5 - 10 mm from each other. 

19. A doctor unit according to Claim 17, characterized in that 
there are 1-15 optical fibers in one of the said blade holder 
and the doctor blade. 

20. A doctor unit according to Claim 15, characterized in that 
sensors are arranged essentially over the entire width of the 
doctor unit in the area of contact between the top plate belonging 
to the blade holder and the doctor blade. 
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21. A doctor unit according to Claim 15, characterized in that 
the pressure -sensitive sensor is one of a PVDF membrane sensor and 
an EMF sensor operating on the piezoelectric principle, 

22. A doctor unit according to Claim 21, characterized in that 
1-10 PVDF sensors are fitted over the width of the doctor unit to 
each meter of the width of the doctor unit. 

23. A doctor unit according to Claim 14, characterized in that 
the optical fiber includes filaments acting as sensory organs and 
that the optical fiber is connected to an electrical crystal, which 
is arranged to send a signal when the resistance in the optical 
fiber changes. 

24. A doctor unit according to Claim 13, characterized in that 
the duration of sensor measurement in the said one of the blade 
holder and the doctor blade is arranged between momentary and 
continuous duration when the sensor is connected to a selected 
monitoring system . 

In The Abstract: 



Insert the Abstract being provided on a separate sheet . 



Respectfully submitted. 



Ilkka Eskelinen et al . 



Fildes Sc Outland, P.C. 




Christophj^r J. Fildes, Attorney 
Regis trattLon/ No. 32 , 13 2 
2 0 916 iyiack>Avenue, Suite 2 
Grosse Pointe Woods, MI 48236 
(313) 885-1500 



i Ql Ol :7 O H-Q^ ...Q:3Q €i. Q 52: 



9 

AMENDMENTS 

Version with markings to show chanQes made 

Replace the paragraph beginning on P. 2, line 15, with the 
fol lowing paragraphs 

The invention is intended to create a doctor unit in a paper 
machine, which can be used to monitor the wear and blade load of 
the doctor blade and the general condition of the other structures, 
also while the paper machine is running. The apparatus of the 
doctor unit can also be used during servicing or when making basic 
adjustments, when the paper machine is stopped. The settings of the 
doctor unit can then be made more easily and correctly than by 
previous methods. [The characteristic features of the present 
invention appear in the accompanying Claims.] 

A doctor unit in a paper machine includes a blade carrier 

having a blade holder, and a doctor blade fittab le on the blade 
holder for doctoring a roll or similar movin g surface, the doctor 
unit is characterized in that either the blade holder or doctor 

blade includes at least one senso r installed inside the 

construction or on its surface, and the sensor is arranged to 
measure either or both of the wear and s tress in the blade holder 
or doctor blade. 

In one embodiment at least one optical fiber i s adap ted as a 

sensor and installed inside the blade ho lder or doctor blade. The 

doctor unit may include light transmit ting devices, at one end of 

the doctor unit, connected to the optical fibers, and — light 

receiving devices at the other end. In another arrangement the 
blade holder may include a top olate, in which there are one or 

more optical fibers arranged in es sentially the transverse 

direction of the doctor unit and extending fr om one end of the top 
plate to the other. 
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Preferably optical fibers installed inside the doctor blade 
and extending over the entire length of the doctor blade are 
arranged essentially transversely to the doctor unit 0.5 - 10 mm 
from each other. There may also be 1 - 15 optical fibers of the 
blade holder or the doctor blade. Each optical fiber includes 
filaments acting as sensory organs and the optical fiber is 
connected to an electrical crystal, which is arranged to send a 
signal when the resistance in the optical fiber changes. 

In an alternative embodiment the surface of the blade holder 
or doctor blade includes at least one of a pressure- sensitive 
sensor and/or stress-strain sensor arranged to measure the blade 
load. Herein sensors are arranged essentially over the entire 
width of the doctor unit in the area of contact between the top 
plate belonging to the blade holder and the doctor blade. 

The pressure-sensitive sensor may be one of a PVDF membrane 
sensor and an EMF sensor operating on the piezoelectric principle. 
1-10 PVDF sensors may be fitted over the width of the doctor unit 
per meter of width of the doctor unit . 

The duration of sensor measurement in connection with the 
blade holder or the doctor blade is configurable between momentary 
and continuous duration when the sensor is connected to a selected 
monitoring system. 

At suitable locations in the doctor unit sensors are arranged, 
which are, as such, simple, but which, however, provide accurate 
information on the condition of the doctor unit even when running. 
The sensors do not affect the operation of the doctor unit and are 
easy to calibrate. The sensors and their locations are selected 
according to the variable to be measured. If desired, all the 
various sensors can be placed in a single doctor unit, in which 
case information on both the wear of the doctor blade and on the 
blade load will be obtained. At the same time, it is possible to 
monitor the general condition of the structures of the doctor unit. 
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On the other hand, by selecting a certain type of sensor, it is 
possible to concentrate on monitoring a single important variable. 
Existing doctor units can also be easily utilized when creating a 
doctor unit according to the invention. -- 

Replace the paragraph beginning on P . 3, line 4, with the 
following paragraph 

--In the following, the invention is disclosed in detail by 
reference to the accompanying drawings showing some embodiments of 
the invention [, in which claims] . 

Replace the paragraph beginning on P . 3, line 28, with the 
following paragraph 

Figures 1-3 and 5 show a some different embodiments of a 
doctor unit according to the invention arranged in connection with 
a roll 13, The embodiments shown here as examples have a basic 
construction that is, as such, that of a conventional hose-loaded 
doctor unit. The invention can also be applied in fixed, i.e. stiff 
blade holders, in which the doctor blade is loaded by rotating the 
beam around its bearings. The sensors 18 can then only be used at 
the ends of the beam, to measure the angle of rotation or movement 
and the corresponding average wear of the blade. In this case, 
however, local wear values cannot be observed in the same way as 
they can in hose-loaded blade holders. A hose-loaded doctor unit 
includes a blade carrier 10 attached to the doctor-unit frame (not 
shown) and a blade holder 11 arranged in it. Fitted to the blade 
holder 11 is the actual doctor blade 12, by means of which the 
surface of roll 13 is doctored. The surface may also be some other 
moving surface [, which it is wished to doctor]. In a hose-loaded 
doctor unit, blade holder 11 is jointed rotatably to blade carrier 
10. Here the doctor unit is shown in cross-section, so that joint 

14 is shown by brolcen lines. In addition, there are loading hoses 

15 and 15' between blade carrier 10 and blade holder 11, by means 
of which doctor blade 12 is rotated around joint 14. The operation 
of the loading hoses is[, as such,] Renown. 



::L a Q m.MS Q ;3; o ■& Ciii 

12 

Replace the paragraph beginning on P. 7, line 22, with the 
following paragraph 

-- [Besides] In addition to the construction shown in Figure 
1, the wear of the doctor blade can be monitored by using another 
kind of sensor [s] installed in the doctor unit. In the embodiment 
in Figure 2, inductive sensors 18 are installed in both the blade 
holder 11 and the blade carrier 10. Other kinds of sensors, which 
measure distance, movement, or angle of rotation, can also be used. 
The sensors 18 are calibrated for a certain distance. The brushes 
19 shown by broken lines depict the direction of observation of the 
sensors 18, for example, when the sensors are in the rear of the 
blade holder. As doctor blade 12 continues to wear, the distance 
between blade holder 11 and blade carrier 10 continually increases. 
When the distance exceeds a set limit, the sensor emits a signal. 
Thus, sensors 18 act as a kind of limit switch, which report that 
the doctor blade will soon be worn out. This facilitates the 
planning of maintenance shutdowns and prevents the damage caused by 
the sudden wearing out of the doctor blade. To measure local 
differences and avoid erroneous messages, several sensors are 
installed in the doctor unit. As the doctor blade typically wears 
mostly in the middle, it is preferable to install the sensors in 
the center of the doctor unit. The sensors may also be on the front 
side of the blade holder, though the installation of the sensors is 
easier in the manner shown in Figure 2 . The measurement method 
disclosed above is applied mainly only in hose-loaded jointed blade 
holders. 

Replace the paragraph beginning on P. 9, line 21, with the 
following paragraph 

-- Figure 4a shows the embodiment of Figure 1 seen from above. 
The only part of the doctor unit shown is the doctor blade 12, 
which as usual has worn mostly in the center. During manufacture, 
optical fibers 16, shown with broken lines, have been installed in 
doctor blade 12. According to the invention, the doctor unit 
includes light-sending devices 20 at one end of the doctor unit and 
light -receiving devices 20' at the other end. These devices are [as 
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such] known and in this case they are in principle attached 
directly to doctor blade 12. A corresponding construction can also 
be applied to monitor the condition of the top plate. The figures 
do not show the rest of the condition-monitoring equipment, as this 
varies greatly with different applications. However, what is 
essential is that during operation all the sensors provide explicit 
information, which can be easily utilized with the aid of existing 
electronic apparatus [es] . -- 

Replace the paragraph beginning on P. 10, line 17, with the 
following paragraph 

-- Figure 4b shows doctor blade 12 and a pressure-sensitive 
sensor 21 installed on its surface. According to the invention, the 
pressure- sensitive sensor is a PVDF membrane sensor that is [as 
such] ]^nown. The utilization of such a membrane sensor is also 
disclosed in Finnish patent 86771. Such a sensor will provide an 
analog voltage signal proportional to the force and thus also the 
pressure, which can easily be utilized. The sensors are also easy 
to calibrate. In addition, the sensors are applicable to a very 
wide range of forces. The sensors may be separate membrane sensors 
or assembled to form a single long membrane element, as in Figure 
4b. This facilitates the cabling of the sensors. Figures 4b and 4c 
show only the cabling 22 of a single membrane sensor 21. An EMF 
sensor operating on the piezoelectric principle, for example, can 
also be used as a pressure-sensitive sensor. -- 

Replace the paragraph beginning on P. 11, line 13, with the 
following paragraph 

-- Generally, 1-10, preferably 2-6 PVDF membrane sensors 
are fitted to each meter of width of the doctor unit. This allows 
the [real] actual blade load of the doctor blade to be determined 
in zones. An increase in the number of sensors will naturally give 
a more precise descriptor of the transverse loading profile, but it 
will also increase the cabling. -- 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
UNDER THE PATENT* COOPERATION TREATY BEFORE THE 
UNITED STATES DESIGNATED/ ELECTED OFFICES 



In regard to international application: 

Serial No. PCT/FIOO/00768 

Applicants: Ilkka Eskelinen et al . 

Filing Date: September 12, 2000 

Title: DOCTOR UNIT IN A PAPER MACHINE 

Attorney Docket No. 11001.090 

To: Assistant Commissioner for Patents 

Washington, D.C. 20231 



I hereby certify that this correspondence is being deposited with the United States 
Postal Service as express mail, no. EU196914209US in an envelope addressed to: 
Assistant Commissioner for Patents, Washington, D.C. 20231 on 



March 1, 2 002 
Date of Deposit 



Christopher J. Fildes 
Registered Attorney 



Vly Signat 



gnature 



DRAWING TRANSMITTAL 



Sir: 



In connection with entry into the National Phase in the 
United States of the above referenced application, enclosed please 
find 5 sheets of formal drawings. 



Respectfully submitted, 
Ilkka Eskelinen et al . 
Fildes & Outland, P.C. 






Christaphei/ J. Fildes, Attorney 
Regis.trW^n No. 32,13 2 
2 09f6''Mack 'Avenue, Suite 2 
Grosse 'PointeTWoods , MI 48236 
(313) 885-1500 
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DOCTOR UNIT J jM A-£AEE B MACHT NE 

The present invention relates to a doctor unit in a paper 
machine, which doctor unit includes a blade carrier with a 
5 blade holder fitted to it, in which a doctor blade is arranged 
to doctor a roll or a similar moving surface. 

The rate of wear of the doctor blade in the various doctor 
units in a paper machine varies greatly. Depending on the 
10 doctor blade's position, its working life can vary from tens of 
hours to as much as tens of days. In terms of the operation of 
the paper machine and the doctor units, the degree of wear and 
general condition of the doctor blade would be valuable 
information. First of all, replacements could be predicted and, 
15 on the other hand, breakages could be noticed immediately. In 
the worst case, a worn-out or damaged doctor blade may be used, 
which will naturally lead to a poor doctoring result- At the 
same time, the doctor unit or even the surface being doctored 
can be damaged. If this results in the doctor dropping through, 
20 both the damage and the cost will be great. However, no 
effective method or device exists for determining the degree of 
wear of a doctor blade. Suggestions have been made for install- 
ing angle-sensors at the ends of the doctor unit. However, the 
change in the angle between the blade holder and the blade 
25 carrier does not indicate wear with sufficient accuracy. This 
is especially so, as the doctor blade usually wears least at 
the ends and generally most in the centre. In addition, the 
measurement of the angle will not show local faults or wear 
peaks in the doctor blade, which always lead to a poorer 
30 doctoring result. There is also no effective apparatus for 
monitoring the condition of the blade holder while the paper 
machine is running. 

The wear of the blade and the doctoring result are particularly 
35 affected by the blade load and the blade angle being used at 
the time. Usually, the doctor blade is pressed against the 
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surface being doctored by a load imposed on the blade holder by 
loading devices. In known doctor units, the loading devices are 
calibrated when the paper machine is stopped. The specific 
force^ corresponding to the feed pressure of the loading 
devices, which is required to lift the doctor blade off the 
surface being doctored, is then generally measured. The results 
obtained can thus only be used to calculate the desired blade 
load approximately. The method can also be applied roughly to 
determine the blade load when running, but the method is 
complicated and inaccurate. The method also does not provide 
blade-load values over the width of the doctor unit, which 
would be important information for monitoring the doctoring 
result and the wear of the doctor blade. 

The invention is intended to create a doctor unit in a paper 
machine, which can be used to monitor the wear and blade load 
of the doctor blade and the general condition of the other 
structures, also while the paper machine is running. The 
apparatus of the doctor unit can also be used during servicing 
0 or when making basic adjustments, when the paper machine is 
stopped. The settings of the doctor unit can then be made more 
easily and correctly than by previous methods. The characteris- 
tic features of the present invention appear in the accompany- 
ing Claims. At suitable locations in the doctor unit sensors 
5 are arranged, which are, as such, simple, but which, however, 
provide accurate information on the condition of the doctor 
unit even when running. The sensors do not affect the operation 
of the doctor unit and are easy to calibrate. The sensors and 
their locations are selected according to the variable to be 
0 measured. If desired, all the various sensors can be placed in 
a single doctor unit, in which case information on both the 
wear of the doctor blade and on the blade load will be ob- 
tained. At the same time, it is possible to monitor the general 
condition of the structures of the doctor unit. On the other 
5 hand, by selecting a certain type of sensor, it is possible to 
concentrate on monitoring a single important variable. Existing 
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doctor units can also be easily utilized when creating a doctor 
unit according to the invention. 



In the following, the invention is disclosed in detail by 
5 reference to the accompanying drawings showing some embodiments 
of the invention, in which 



Figure 1 

10 Figure 2 

Figure 3 

15 

Figure 4a 

Figure 4b 

20 Figure 4c 

Figure 4d 

Figure 5 

25 



shows an axonometric cross-section of one embodiment 
of a doctor unit according to the invention, 
shows a view similar to that of Figure 1 of a second 
embodiment of a doctor unit according to the inven- 
tion, 

shows a view similar to that of Figure 1 of a third 
embodiment of a doctor unit according to the inven- 
tion, 

shows a view from above of a diagram of an embodi- 
ment according to the doctor unit of Figure 1, 
shows a view from above of the detached doctor blade 
of a doctor unit according to Figure 3, 
shows a view from above of the additional part of an 
adaptation of the embodiment of Figure 3, 
shows a view from above of part of the doctor blade 
used in a doctor unit according to the invention, 
shows a view similar to that of Figure 1 of a fourth 
embodiment of a doctor unit according to the inven- 
tion . 



Figures 1-3 and 5 show a some different embodiments of a 
doctor unit according to the invention arranged in connection 

30 with a roll 13. The embodiments shown here as examples have a 
basic construction that is, as such, that of a conventional 
hose-loaded doctor unit. The invention can also be applied in 
fixed, i.e. stiff blade holders, in which the doctor blade is 
loaded by rotating the beam around its bearings. The sensors 18 

35 can then only be used at the ends of the beam, to measure the 
angle of rotation or movement and the corresponding average 
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wear of the blade. In this case, however, local wear values 
cannot be observed in the same way as they can in hose-loaded 
blade holders. A hose-loaded doctor unit includes a blade 
carrier 10 attached to the doctor-unit frame (not shown) and a 
5 blade holder 11 arranged in it. Fitted to the blade holder 11 
is the actual doctor blade 12, by means of which the surface of 
roll 13 is doctored. The surface may also be some other moving 
surface, which it is wished to doctor. In a hose-loaded doctor 
unit, blade holder 11 is jointed rotatably to blade carrier 10. 
10 Here the doctor unit is shown in cross-section, so that joint 
14 is shown by broken lines. In addition, there are loading 
hoses 15 and 15' between blade carrier 10 and blade holder 11, 
by means of which doctor blade 12 is rotated around joint 14. 
The operation of the loading hoses is, as such, known. 

15 

According to the present invention, the blade holder or the 
doctor blade or both include one or more sensors. Sensors are 
additionally installed inside or on the surface of the struc- 
ture. The said sensors are arranged to measure the stress in 

20 the blade holder or the doctor blade or both. The wear in the 
doctor blade can also be measured. This provides continuous, 
precise, and comprehensive information on the doctor unit, by 
means of simple sensors, even when the paper machine is 
running. The following discloses some embodiments of a doctor 

25 unit according to the invention. 

To measure the wear in, and condition of the doctor blade and 
blade holder, one or more optical fibres, arranged as sensors, 
are installed inside the blade holder or doctor blade or both. 

30 In principle, even a metal wire could be considered for this 
purpose. However, optical fibres 16 are preferably installed 
inside the doctor blade 12 of ^ Figure 1 and extend for the 
entire length of doctor blade 12. Devices inside the doctor 
unit are used to send light from one end of the optical fibres 

35 16 to the other, where it is then detected. The apparatus 
arrangement relating to the optical fibres is disclosed in 
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greater detail in connection with Figure 4a. The said optical 
fibres are used to obtain precise information on the wear of 
the doctor blade^ as a broken optical fibre will not conduct 
light. In other words, a doctor blade that has worn normally in 
5 the centre will have optical fibres remaining at the ends, even 
though they have worn through in the centre. In that case, the 
optical fibres that still conduct light will show the true 
maximum of the wear. The optical fibres are arranged essen- 
tially longitudinally in the doctor unit, 0,5-10 mm, prefera- 
10 bly 2-6 mm from each other. The wear of the doctor blade can 
then be monitored very accurately, so that there should be no 
surprises in relation to wear. 

Besides wear, optical fibres can also be used to provide 
15 information on the condition of the doctor blade. Non-conduct- 
ing optical fibres between conducting fibres show a local 
fault, such as a fracture, in the doctor blade. At the location 
of the fault, the optical fibres are broken, which is thus 
immediately visible. Such a fault can be caused, for instance, 
20 by some sudden force acting on the doctor unit during the 
process. For example a lump of pulp, which has accumulated 
slowly, may suddenly break free and strike the doctor unit. In 
modern composite-construction doctor blades, a lump of pulp can 
cause an obvious break or a smaller hair crack. In either .case, 
25 the entire doctor blade may break, or at least poor doctoring 
may result. The doctor blade should then be replaced, which is 
easily seen using a sensor solution according to the invention. 

A lump of pulp can also damage the blade holder, which nowadays 
30 can also be manufactured from a composite material. It is 
practically essential to replace a damaged blade holder, as 
fractures will substantially weaken the holder. The next impact 
can then cause the entire blade holder to disintegrate, when 
the doctor blade will detach and drop out of place. To monitor 
35 the condition of the blade holder, one or more optical fibres 
16* are arranged in the top plate 17/ in essentially the 
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longitudinal direction of the doctor unit and extending from 
one end of the top plate to the other. Such an embodiment is 
shown in Figure 2. This embodies the same principle as that 
used in connection with the doctor blade. However^ optical 
5 fibres 16' are not used to monitor the wear but the condition 
of top plate 17. Thus^ in this case, an optical fibre that 
fails to conduct light shows a fault somewhere. The use of 
several optical fibres eliminates the possibility of an 
operating fault in an individual optical fibre. The top plate 
10 may also be referred to as a front plate or a back plate. The 
methods of measurement disclosed above and the sensors used can 
be applied to all types of blade holder. 



In both of the embodiments disclosed above, the optical fibres 
15 can be entirely conventional. Alternatively, more highly 
developed optical fibres can be used, and will provide more 
precise information on the condition of the structures. For 
example, the use of lattice-structure optical fibres will allow 
the location of the damage to be determined more precisely. On 
20 the other hand, mirroring can provide distance data from even 
ordinary optical fibres, though the shortness of the optical 
fibre may then make measurement difficult . 



Nowadays, composite structures are used in the manufacture of 
25 both doctor blades and top plates. In such cases, it is 
preferable to install the optical fibres inside the structure 
already during manufacture. Pultrusion is one manufacturing 
method permitting this. However, it is certainly also possible 
to install optical fibres later on the surface of metal blades 
30 or inside a sandwich construction. The number of optical fibres 
varies in different applications. Generally, there are 1 - 15, 
preferably 3-10 optical fibres in a blade holder or doctor 
blade. It is preferable to have more optical fibres in a doctor 
blade than in a top plate, as it is longer and the optical 
3 5 fibres wear along with the blade . In a blade holder, a few 
optical fibres according to Figure 2 are sufficient. 
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Figure 4d shows one embodiment of the use of more highly 
developed optical fibres. Here, optical fibre 26 is connected 
to an electrically charged crystal 27. Optical fibre 26 also 
incorporates filaments 26', which act as sensory organs- An 
5 optical fibre 26 is set at a distance of about 18 - 20 mm from 
the wearing edge composite blade 12, which is preferably 
manufactured by pultrusion. As is known, the doctor blade wears 
in use. When the wear reaches the filaments 26*, the response 
given by the optical fibre 26 changes. Crystal 27 then sends a 
10 signal. A corresponding response takes place when a surface 
laminate possibly detaches or the doctor blade is otherwise 
damaged. The alarm limit is shown in Figure 4d with a broken 
line . 



15 The signal sent by crystal 27 is transmitted, for example^ to 
a computer program preferably by means of wireless data 
transfer devices 28, such as a GSM modem. The electrical 
crystal can operate either actively the whole time or it can be 
activated by using the data transfer devices to allow the 

20 condition of the doctor blade to be checked. 

Besides the construction shov^n in Figure 1, the wear of the 
doctor blade can be monitored by using another kind of sensors 
installed in the doctor unit. In the embodiment in Figure 2, 

25 inductive sensors 18 are installed in both the blade holder 11 
and the blade carrier 10. Other kinds of sensors, which measure 
distance, movement, or angle of rotation, can also be used. The 
sensors 18 are calibrated for a certain distance. The brushes 
19 shown by broken lines depict the direction of observation of 

30 the sensors 18, for example, when the sensors are in the rear 
of the blade holder. As doctor blade 12 continues to wear, the 
distance between blade holder 11 and blade carrier 10 continu- 
ally increases. When the distance exceeds a set limit, the 
sensor emits a signal. Thus, sensors 18 act as a kind of limit 

35 switch, which report that the doctor blade will soon be worn 
out. This facilitates the planning of maintenance shutdowns and 
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prevents the damage caused by the sudden wearing out of the 
doctor blade. To measure local differences and avoid erroneous 
messages, several sensors are installed in the doctor unit. As 
the doctor blade typically wears mostly in the middle, it is 
5 preferable to install the sensors in the centre of the doctor 
unit. The sensors may also be on the front side of the blade 
holder, though the installation of the sensors is easier in the 
manner shown in Figure 2. The measurement method disclosed 
above is applied mainly only in hose-loaded jointed blade 
10 holders. 

In several cases, large variations have been observed in the 
rate of wear of the doctor blade, which can also be sudden. 
Such changes are usually due to changes that have taken place 
15 in the running parameters or chemical state of the process. The 
sensors are preferably connected to a system, which allows the 
monitoring of which the signals they give, and thus the rate of 
wear of the doctor blade. This makes is possible to recognise 
a situation in which, for example, the doctor blade is wearing 
20 rapidly. Thus, in the first place, it is possible to predict 
blade changes. In the second place, the continuous monitoring 
can be used to determine factors responsible for rapid wear. 
Thus, continuous monitoring of wear allows the process to be 
optimized to control the rate of wear of the doctor blade. The 
25 rate of wear affects not only the service life of the doctor 
blade, but also the doctoring result. It then becomes apparent 
how much fibre or fines pass under the doctor blade and, on the 
other hand, how clean the roll surface remains and how much 
material from the doctor adheres to the roll surface. A rate of 
30 wear that is too low will be insufficient to keep the point of 
the blade sharp. On the other hand, too great a rate of wear 
not only shortens the doctor blade's service life, but also 
gives a poor doctoring result. Therefore it is important to 
keep the rate of wear within an advantageous range. Besides ^:r*j- 
35 sensors 18, rows of optical fibres or metal wires can also be 
used in the doctor blade to monitor the rate of wear. However, 
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the rows must then be sufficiently close to each other, so that 
the rate of wear can be measured with satisfactory accuracy. 

The wear of the doctor blade and the doctoring result are also 
5 substantially affected by the blade load used, which presses 
the doctor blade against the surface being doctored. Thus, in 
terms of the operation and adjustment of the doctor unit it is 
also important to know the local blade load at different 
locations on the doctor blade when running. For this purpose, 

10 there are one or more sensors on the surface of the blade 
holder or doctor blade or both, adapted to measure the blade 
load- In addition, these sensors are extremely sensitive to 
pressure- In Figure 3, the sensors 21 are fitted essentially in 
the area of contact between the top plate 17 of the blade 

15 holder 11 and the doctor blade 12, over the entire width of the 
doctor unit. This allows the blade load to be determined over 
the whole width of the doctor unit. The construction of the 
sensors is shown in greater detail in connection with Figures 
4b and 4c, 



Figure 4a shows the embodiment of Figure 1 seen from above. The 
only part of the doctor unit shown is the doctor blade 12, 
which as usual has worn mostly in the centre. During manufac- 
ture, optical fibres 16, shown with broken lines, have been 

25 installed in doctor blade 12. According to the invention, the 
doctor unit includes light-sending devices 20 at one end of the 
doctor unit and iight-receiving devices 20' at the other end. 
These devices are as such known and in this case they are in 
principle attached directly to doctor blade 12. A corresponding 

30 construction can also be applied to monitor the condition of 
the top plate. The figures do not show the rest of the 
condition-monitoring equipment^ as this varies greatly with 
different applications. However, what is essential is that 
during operation all the sensors provide explicit information, 

35 which can be easily utilized with the aid of existing elec- 
tronic apparatuses . 



20 
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According to the example^ the light led to the optical fibres 
16 at one end of the doctor blade 12 is detected at the other 
end with the aid of, for example, light sensors. However, the 
two upper optical fibres 16 are broken due to the wear of 
5 doctor blade 12, so that they do not conduct light. In addi- 
tion, because the rest of the optical fibres continue to 
conduct, the doctor blade is in all likelihood in good condi- 
tion. The apparatus can use different wavelengths, so that 
visible light will not affect their operation. On the other 

10 hand, when visible light is used, the condition of the doctor 
blade can be seen even with the naked eye. In addition, 
different colours can show the limit value of wear. When the 
limit value is exceeded, the doctor unit is still in operating 
condition, but plans should be already made for a maintenance 

15 shutdown. 

Figure 4b shows doctor blade 12 and a pressure-sensitive sensor 
21 installed on its surface. According to the invention, the 
pressure-sensitive sensor is a PVDF membrane sensor that is as 

20 such known. The utilization of such a membrane sensor is also 
disclosed in Finnish patent 86771. Such a sensor will provide 
an analog voltage signal proportional to the force and thus 
also the pressure, which can easily be utilized. The sensors 
are also easy to calibrate. In addition, the sensors are 

25 applicable to a very wide range of forces. The sensors may be 
separate membrane sensors or assembled to form a single long 
membrane element, as in Figure 4b. This facilitates the cabling 
of the sensors. Figures 4b and 4c show only the cabling 22 of 
a single membrane sensor 21. An EMF sensor operating on the 

30 piezoelectric principle, for example, can also be used as a 
pressure-sensitive sensor . 

The membrane sensor may also be in the top plate, though it is 
easier to install a membrane sensor on the surface of the 
35 doctor blade. Particularly when utilizing old doctor units, it 
is preferable to use an adaptation of the previous embodiment 
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according to Figure 4c. In such a case, the membrane sensors 21 
are fitted to a separate plate 23, which is installed in the 
doctor unit, for example, according to Figure 5. The plate is 
fitted in the area of contact between the blade holder and the 
5 doctor blade. A plate can easily be installed in an existing 
doctor unit, allowing the application to be brought quickly 
into operation. At the same time, the use of a plate does not 
depend on the material of manufacture of the doctor blade. A 
membrane sensor can also be installed under one or other or 
10 both loading hoses. However, among other things, disturbances 
caused by the jointing of the blade holder may then occur. 

Generally, 1-10, preferably 2-6 PVDF membrane sensors are 
fitted to each metre of width of the doctor unit. This allows 
15 the real blade load of the doctor blade to be determined in 
zones. An increase in the number of sensors will naturally give 
a more precise descriptor of the transverse loading profile, 
but it will also increase the cabling. 

20 Instead of membrane sensors, traditional stress-strain sensors 
24 and 24' can also be used. Such sensors are preferably 
situated on the part 25 of the top plate that protrudes free of 
its frame support or on the doctor blade 12 itself, close to 
the point of contact 25' with the top plate 17. The sensors can 

25 be located on the top or bottom surfaces of the doctor blade . 
The operating direction of the sensors is naturally set in the 
machine direction. Figure 5 shows some alternative locations 
for sensors. The stress-strain sensors are preferably set as 
densely as PVDF membrane sensors. 

30 

A doctor unit according to the invention can be used to provide 
comprehensive but explicit information. This is especially 
important in paper machine operation, in which there are many 
different doctor units of considerable width. It is nearly 
35 impossible to use known methods to monitor such doctor units. 
The sensors used in the doctor unit do not affect the operation 
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of the doctor unit. On the other hand, the necessary sensors 
are economical and are well protected. In addition, they can be 
easily applied to existing doctor units. 
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1. A doctor unit in a paper machine, which includes a blade 
carrier (10) with a blade holder (11) fitted to it, on which a 

5 doctor blade (12) is arranged for doctoring a roll (13) or 
similar moving surface, characterized in that the blade holder 

(11) and/or doctor blade (12) include one or more sensors (16, 
16', 18, 21, 24, 24V, 26) installed inside the construction or 
on its surface, and which sensors (16, 16', 18, 21, 24, 24', 

10 26) are arranged to measure the wear of and/or stress in the 
blade holder (11) and/or doctor blade (12) . 

2. A doctor unit according to Claim 1, characterized in that 
one or more optical fibres (16, 16\ 26) adapted as sensors are 

15 installed inside the blade holder (11) and/or doctor blade 

(12) . 

3. A doctor unit according to Claim 1, characterized in that on 
the surface of the blade holder (11) and/or doctor blade (12) 

20 there are one or more pressure-sensitive sensors (21) and/or 
stress-strain sensors (24, 24') arranged to measure the blade 
load. 

4. A doctor unit according to Claim 2, characterized in that 
25 the doctor unit includes light transmitting devices (20) , at 

one end of the doctor unit, connected to the optical fibres 
(16, 16')/ and light receiving devices (20') at the other end. 

5. A doctor unit according to Claim 2 or 4, characterized in 
30 that the blade holder (11) includes a top plate (17), in which 

there are one or more optical fibres (16') arranged in essen- 
tially the transverse direction of the doctor unit and extend- 
ing from one end of the top plate (17) to the other. 

35 6. A doctor unit according to Claim 2 or 4, characterized in 
that the optical fibres (16) installed inside the doctor blade 
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(12) and extending over the entire length of the doctor blade 
(12) are arranged essentially transversely to the doctor unit 
0,5 - 10 nun, preferably 2 - 6 mm from each other. 

5 7. A doctor unit according to Claim 5 or 6, chj^racterized in 
that there are 1 - 15, preferably 3-10 optical fibres (16, 
16') in the blade holder (11) and/or the doctor blade (12). 

8. A doctor unit according to Claim 3, characterized in that 
10 the sensors (21) are arranged essentially over the entire width 
of the doctor unit in the area of contact between the top plate 

(17) belonging to the blade holder (11) and the doctor blade 

(12) . 

15 9. . A doctor unit according to Claim 3 or 8, rharacterized in 
that the pressure-sensitive sensor (21) is an as such known 
PVDF membrane sensor or an EMF sensor operating on the piezo- 
electric principle. 

20 10. A doctor unit according to Claim 9, nharacterized in that 
1 - 10, preferably 2-6 PVDF sensors are fitted over the width 
of the doctor unit to each metre of the width of the doctor 
unit . 

25 11. A doctor unit according to Claim 1 or 2 , nharacterized in 
that the optical fibre (26) includes filaments (26') acting as 
sensory organs and that it is connected to an electrical 
crystal (27), which is arranged to send a signal when the 
resistance in the optical fibre changes. 

30 

12. A doctor unit according to one of Claims 1-10, character- 
ized in that the measurement of the wear of and/or stress in 
the blade holder (11) and/or the doctor blade (12) is arranged 
to be momentary and/or continuous when the sensors (16, 16', 
35 18, 21, 24, 24', 26) are connected to the selected monitoring 
system. 



DOCTOR UNIT IN A PAPER MACHINE 
Abstract 

A doctor unit in a paper machine includes a 
blade carrier having a blade holder fitted to the blade 
5 carrier. A doctor blade is mountable in the blade holder 
to doctor a roll or similar moving surface. The blade 
holder and/or doctor blade include one or more sensors 
installed inside the construction or on its surface. The 
sensors are arranged to measure the wear of and/or 
10 stress in the blade holder and/or doctor blade. 
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